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通过先驱体转化法（PIP 法）制备连续 SiC 纤维增强氮化硅基复合材料，赋予纤
维增强复合材料良好的吸波性能，有望设计与制备出耐高温结构、功能一体化的
新型纤维增强陶瓷基吸波复合材料。本文对先驱体聚合物的氮化裂解、SiC 纤维
的表面性质以及 SiC 纤维增强氮化硅基复合材料的 PIP 法形成机理、界面结合、
断裂特征及缺陷形成原因进行了分析和研究。 
先驱体聚碳硅烷 PCS 是主链以 Si-C 键结合形成的聚合物，800℃之前，氨气
气氛下热解氮化，脱碳效果明显，碳含量低于 1%；随 1300℃高温下的裂解，最
终生成陶瓷的氮含量可达 35.65%。前期的氧化交联可减轻质量损失，经交联后
的先驱体 PCS 在 1300℃裂解，陶瓷产率为 60%多，体积收缩程度大，产物为无
定型态的 Si-N-O 陶瓷。 
研究了 SiC 纤维的表面形貌及表面化学。经过 700℃热清除去胶后，SiC 纤
维表面光滑、致密，缺陷极少；纤维表面存在乱层结构的无定型碳，与纤维富碳









本文采用 PCS 氮化裂解转化制备出 SiC 纤维束丝增强氮化硅基复合材料。
经 6-8 次 PIP 循环后，材料的增重率不明显，致密化过程基本完成，最终的复合





















维的损伤；加以实验室在先驱体合成方面的优势，可大幅降低 CVI 法制备 CMC
的成本。PIP 法近尺寸成型，有望制备复杂构件的陶瓷基复合材料制品。 

















Fibre reinforced ceramic matrix composite, FRCMC, which is light weight with 
high strength, is a kind of advanced thermal structural materials. FRCMCs have 
potential applications in the field of aviation, aerospace, and national defense. 
FRCMCs, using continuous silicon carbide fiber with controllable electrical 
resisitance as reforcement and insulated silicon nitride as matrix material, prepared by 
PIP route, have great potential to be designed to be structure/function integrated 
materials. 
Polycarbosilane (PCS) is a kind of inorganic polymer whose main chain contains 
Si-C bond. When pyrolyzed in ammonia atmosphere, it has high decarbonizing 
efficient, producing ceramic with carbon content under 1wt.%. Its pyrolyzed char at 
1300  has a nitrogen content as high as 35.65wt.% and its ceramic yield is about ℃
60%. The pyrolyzed product is amorphous ceramic with porosity. 
The surface morphology and surface chemistry were studied for silicon carbide 
fibers. After denized at 700 , the surface of the fiber is smooth, compact with few ℃
defect. A mount of unordered free carbon exists in the surface of the fiber, which is 
correspongding to the fiber’s chemical compositon. Also, the surface of both fibres is 
mainly composed by sp2 bonded carbon, sp3 bonded carbon, SiC, SiOxCy and SiO2. 
Mesopitch was used to prepare pyrolyzed carbon coatings in the first time. It is a 
good carbon source for carbon coatings with wide sources and low price. When AR 
molecules are partial displaced by alkyl chain, the solubility is improved. Carbon 
coatings on SiC fibers was prepared by dip-coating, which is homogeneous and intact. 
The residual strength ratio of the fibers is about 80~90% after coating treatment. So, 
this is a new strategy in the preparation of carbon coatings with convenience and low 
expense. 
SiC bundles reinforced silicon nitride-based ceramic matrix composites were 
prepared by firing PCS in ammonia atomosphere. The 1300℃-derived materials 















mechanism for PIP technique was investigated. The infiltration process gave rise to 
porosity because of solvent evaporation. The CTE mismatch of fiber and matrix led to 
residual stress within the CMCs. The plain fracture morphology of the CMC indicates 
the brittle fracture mode. In some sections of weak combination, phenomenons of 
fibers pull-out and dissociation and interface’s debonding are observed. 
PIP is a way to make CMCs at normal pressures, so it can reduce damage of the 
fibers instead of traditional ways such as solid phase sintering. With the advantages of 
synthetic for precursors in our laboratory, PIP can low the cost over CVI. And PIP 
technique can be applied to the manufactures of complex and near-net shaped parts.  
Key Words: Structural and Electromagnetic Absorbing Materials; Polycarbonsilane; 
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